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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface 
emission type semiconductor laser which makes it 
possible to fetch a circular focused beam and to 
efficiently couple it to fiber, and utilizes a 
diffract! ve grating which makes it possible to judge 
a defective or non-defective judgement without 
cleaving. 

SOLUTION: A DFB type semiconductor jaser is 
provided by forming an n-type lower clad layer 2, 
a waveguide laser, containing an Hype active 
layer 3, and a p-type upper clad layer 4 
successively on an n-type semiconductor 
substrate 1, and a diffracive grating 5 is formed 
along the waveguide layer for distributed feedback 
of light The diffractive grating 5 constitutes a 
laser resonator in 360° direction on the plane in 
parallel with substrate surface, as the secondary diffractive grating describing a 
concentric circular pattern, centering on the center of the concentric circular pattern. 
The obtained laser beam is fetched in the direction vertical to substrate surface by 
diffractive effect, and the circular output light beam, which is fetched by forming a 
grating lens 10 of a concentric circular pattern on the substrate surface of the region 
where the diffractive grating is formed, is used as a focussed light beam 11. 
[Claim(s)] 

[Claim l] Sequential formation of the waveguide road layer and up cladding layer which 
contain a lower cladding layer and a barrier layer in a semi-conductor substrate is carried 
out. Are the semiconductor laser in which the diffraction grating for distribution feedback 
of light was formed along with said waveguide road layer, and said diffraction grating as 
secondary diffraction grating describing a concentric circle pattern While taking out the 
laser beam which constitutes a laser cavity in the direction of 360 degree in a field parallel 
to a substrate front face, and is obtained in the direction vertical to a substrate front face 
according to the diffraction effect centering on the core of the concentric circle pattern 
Surface-emitting type semiconductor laser characterized by coming to form the grating 
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lens of the concentric circle pattern for making into a focusing light beam the circular 

output light beam taken out by the substrate front face of the field in which said diffraction 

grating was formed. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the surface-emitting type semiconductor 

laser using a diffraction grating. 

[0002] 

[Description of the Prior Art] Conventionally, DFB (Distributed Feed-Back) laser and DBR 
(Distributed Bragg Reflector) laser are known as semiconductor laser of the single 
longitudinal mode. Although a DBR laser differs from an active region to a DFB laser 
performing distribution feedback of light in the active region where current impregnation 
is made at the point which constitutes a distribution reflector on both sides (or one side) of 
the distant active region, it is common in that distribution feedback of the light by the 
diffraction grating is used fundamentally. Therefore, a DFB laser is hereafter used as a 
generic name of the semiconductor laser of the diffraction-grating mold containing a DBR 
laser. A DFB laser is an end-face radiation mold which injects output light to a substrate 
front face and a parallel direction like many other semiconductor laser. It is difficult to 
make the same the flare angle of the perpendicular direction of output light, and a 
horizontal flare angle in this end-face radiation mold, therefore it is not good. [ of the joint 
effectiveness to the fiber of output light etc. ] Moreover, an assembly is also difficult, and it 
is unsuitable in order to build the highly efficient optical-integrated-circuit system of a 
mass fiber communication link and others which perform optical coupling in three 
dimension especially. 

[0003] On the other hand, the surface-emitting type semiconductor laser which takes out ; 
laser output light perpendicularly on a substrate front face is proposed variously in recent 
years. Surface -emitting type semiconductor laser is roughly divided into two methods of a 
vertical type and a water flat tip. A vertical type constitutes the Fabry- Perot resonator in 
the direction vertical to a substrate front face, and room temperature continuous 
oscillation is also reported. A water flat tip constitutes a resonator as well as the usual 
laser at a level with a substrate front face, takes out fight perpendicularly using a 
diffraction grating etc., and has a DFB laser using the secondary diffraction grating 
typically. 
[0004] 

[Problem(s) to be Solved by the Invention] The field luminescence semiconductor laser of a 
vertical type has a complicated production process, and unlike a water flat tip, since a 
reflective mirror is not a cleavage plane, it has the problem that it is difficult to obtain the 
mirror of a high reflection factor. On the other hand, the field luminescence semiconductor 
laser of a diffraction-grating mold is advantageous at the point that the manufacturing 
technology of the conventional DFB laser can be used almost as it is. However, at the 
structure of the usual DFB laser, a luminescence side is several 100 micrometers. There is 
a problem that it is also difficult to become the long and slender thing to say, therefore to 
join together efficiently to a fiber. Moreover, in the usual DFB laser, since using another 
side as an outgoing radiation edge which coated the antireflection film is performed, if it 
uses one side of two cleavage planes as a reflective mirror 100%, for example, and cleavage 
is not carried out eventually, there is also a problem that a quality cannot be judged. 
[0005] This invention aims at offering the surface-emitting type semiconductor laser using 
the diffraction grating which enabled it to perform a quality judging, without performing 
cleavage while it makes it possible to have been made in consideration of the 
above-mentioned situation, to take out a circular focusing light beam, and to combine with 
a fiber efficiently. 
[0006] 

[Means for Solving the Problem] Sequential formation of the waveguide road layer and up 
cladding layer to which this invention contains a lower cladding layer and a barrier layer 
in a semi conductor substrate is carried out. Are the semiconductor laser in which the 
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diffraction grating for distribution feedback of light was formed along with said waveguide 
road layer, and said diffraction grating as secondary diffraction grating describing a 
concentric circle pattern While taking out the laser beam which constitutes a laser cavity 
in the direction of 360 degree in a field parallel to a substrate front face, and is obtained in 
the direction vertical to a substrate front face according to the diffraction effect centering 
on the core of the concentric circle pattern It is characterized by coming to form the grating 
lens of the concentric circle pattern for making into a focusing light beam the circular 
output light beam taken out by the substrate front face of the field in which said diffraction 
grating was formed. 

[0007] According to this invention, the laser cavity is constituted in the direction of 360 
degree using the secondary diffraction grating describing a concentric circle pattern. If its 
attention is paid to the cross section of a certain arbitration, it is the same as that of the 
DFB laser of the surface -emitting type by which the conventional proposal is made, and 
distribution feedback of the light excited by the barrier layer will be carried out by the 
diffraction grating, and a part will be diffracted and will be perpendicularly taken out by 
the substrate side at the same time it carries out laser oscillation. Moreover, Fresnel 
reflection of a part of light diffracted perpendicularly is further carried out on a substrate 
front face, and it is again combined with a waveguide road layer by the diffraction grating. 
Without performing the above actuation about all the 360-degree directions centering on 
the core of a diffraction grating, and using the echo by the cleavage plane, the circular 
output light beam which has the peak of optical reinforcement in the core of a 
diffraction-grating pattern is obtained, and it becomes the circular focusing light beam 
which condenses in a lens focal location with the grating lens with which this was formed 
in the substrate front face. An output serves as the single longitudinal mode by DFB. 
[0008] Therefore, according to this invention, since a circular output light beam is obtained, 
and this is extracted with a grating lens and condensed, high joint effectiveness is acquired 
on the occasion of association to a fiber etc. Moreover, since the echo of a cleavage plane is 
not used for laser resonance, it cannot be based on cleavage but the quality judging of a 
chip can be performed. Moreover, production of a flat-surface laser array is easy, and, 
thereby, construction of a three-dimension optical integrated circuit becomes easy. 
[0009] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained with 
reference to a drawing. Drawing 1 (a) and (b) are the sectional views and top views of a 
surface-emitting type DFB laser concerning one example of this invention. On the 
semi-conductor substrate 1 (the buffer layer is formed preferably) of n mold, sequential 
formation of the lower cladding layer 2 of n mold, the barrier layer 3 of i mold, and the up 
cladding layer 4 of p mold is carried out. In the case of this example, a barrier layer 3 has 
the MQW structure which consists of an ingredient with a larger refractive index than the 
lower cladding layer 2 and the up cladding layer 4, and this serves as a waveguide road 
layer almost as it is. 

[0010] In the case of this example, the barrier layer 3 is formed throughout the substrate, 
makes a concentric circle pattern near the interface with that up cladding layer 4, and the 
secondary diffraction grating 5 is formed. That is, a barrier layer 3 is in the lower part of 
the diffraction-grating 5 whole describing a concentric circle pattern. The diffraction 
grating 5 of this concentric circle pattern is made as follows, for example. The thin 
waveguide road layer 8 i6 formed in the wafer with which the barrier layer 3 was formed, a 
resist is applied on this waveguide road layer 8, and electron beam exposure is performed. 
Electron beam exposure scans an electron beam, adjusting the light exposure distribution. 
And a resist is developed, the resist pattern with which thickness serves as a chopping 
sea-like repeat in a certain cross section is formed, and the waveguide road layer 8 is 
etched using this. 

[0011] Thus, the diffraction grating 5 was formed upwards, the laminating of the up 
cladding layer 4 is carried out, the ohmic contact layer 6 is formed further, and the grating 
lens 10 of a concentric circle pattern is formed so that it may lap to the field of a diffraction 
grating 5 on this. This grating lens 10 is fundamentally formed by the same technique as a 
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diffraction grating 5 for example, of a glass layer. At this time, by controlling the exposure 
scan time of an electron beam, a pitch serves as the so-called char PUTOGU rating which 
becomes small, so that it goes outside. And the anode electrode 7 is formed in the outside of 
the grating lens 10, and the cathode electrode 9 is formed in the rear face of a substrate 1 
on the whole surface. 

[0012] If it is the case of the DFB laser of an InP system concretely, to a substrate 1, the 
lower cladding layer 2, and the up cladding layer 4, using InP, a barrier layer 3 will carry 
out two or more layer laminating of the 1-y layer of the InxGal-xAsyP(s) which changed 
the presentation ratio x and y little by little by turns, and will make MQW structure. Let 
the waveguide road layer 8 be an InGaAsP layer. 

[00131 It means that the DFB laser by this example serves as cross-section structure which 
shows every cross section passing through the core of a diffraction grating 5 in drawing 1 
(a), and the DFB resonator was constituted in the direction of 360 degree centering on the 
core of a diffraction grating 5. And a part of light obtained by laser resonance is 
perpendicularly taken out by the substrate front face by the secondary diffraction grating 5. 
A part of light diffracted up by the diffraction grating 5 starts Fresnel reflection on a 
substrate front face, it is returned to a barrier layer 3, and the standing wave from which 
excitation light serves as a peak by this at the core of the diffraction grating 5 of a 
concentric circle pattern stands. And with the grating lens 10 of a concentric circle pattern, 
as shown in drawing 1 (a), the circular focusing light beam 11 is obtained. 
[0014] According to this example, it becomes possible to consider as the circular focusing 
light beam 11 with the diffraction grating 5 and the grating lens 10 of a concentric circle 
pattern, and to combine with a fiber efficiently as well as the laser oscillation of the single 
longitudinal mode being obtained by the DFB resonator. Moreover, the quality judging of a 
chip can be performed in a wafer phase, without performing cleavage, since the echo of a 
cleavage plane is not used for laser resonance. Furthermore, production of a flat-surface 
laser array is also easy, and it becomes possible to build a three dimensions highly efficient 
optical integrated circuit. 

[0015] Drawing 2 is the example which transformed the example of drawing 1 slightly. In 
the example of drawing 1 , to having formed all over the substrate mostly in the form 
where the field [ directly under ] of the anode electrode 7 with which a current concentrates 
a diffraction grating 5 is avoided, drawing 2 is the form which overlaps the field of the 
anode electrode 7 which a current concentrates, and forms the diffraction grating 5 of the 
magnitude which reaches to a substrate end face. Also according to this example, the same 
effectiveness as a previous example is acquired. 

[0016] Drawing 3 (a) and (b) are still more nearly another examples, and are the so-called 
sectional view and so-called top view of a case of the distribution reflector structure (DBR 
structure) where the active region by which current impregnation is carried out, and the 
field of a diffraction grating 5 were separated. In the case of this example, selective etching 
of a part of up cladding layer 4 of the wafer formed to the up cladding layer 4 like the 
previous example is carried out, the waveguide road layer 8 is exposed, and the diffraction 
grating 5 of a concentric circle pattern is formed here like a previous example, p draw spike 
section cladding layer 4 is formed further after that, and the grating lens 10 of a concentric 
circle pattern is formed in the location which laps with the field of the diffraction grating 5 
of this up cladding layer 4. The anode electrode 7 is formed in the field contiguous to the 
grating lens 10 through the ohmic electrode 6. 

[0017] Also in this example, distribution feedback of the light which was excited in the 
active region of anode electrode 7 directly under, and was guided by the field of a 
diffraction grating 5 is carried out by this diffraction grating 5 in the direction of 360 
degree, and the output light by laser oscillation is taken out above a diffraction grating 5. 
Moreover, a distribution echo is carried out like the usual DBR laser, and a part of light 
amplified in the field of a diffraction grating 5 returns to the active region [ directly under ] 
of the anode electrode 7. Thereby, the same circular focusing light beam 11 as a previous 
example can be obtained. 
[0018] 
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[Effect of the Invention] As stated above, according to this invention, a circular output light 
beam is perpendicularly taken out to a substrate side using the secondary diffraction 
grating of a concentric circle pattern, and the surface-emitting type semiconductor laser 
which made association to a fiber easy for this as a focusing light beam with the grating 
lens further can be obtained. 
[Brief Description of the Drawings] 

[Drawing ll The configuration of the DFB laser concerning one example of this invention is 
shown. 

[Drawing 21 The configuration of the DFB laser of other examples is shown. 
[Drawing 31 The configuration of the DFB laser of other examples is shown. 
[Description of Notations] 

1 [ An up cladding layer, 5 / - A diffraction grating, 6 / -- An ohmic contact layer, 7 / - An 
anode electrode, 8 / - A waveguide road layer, 9 / - A cathode electrode, 10 / A grating 
lens, 11 / - Circular focusing light beam. ] - A semi-conductor substrate, 2 - A lower 
cladding layer, 3 - A barrier 
[Drawing 1] 




[Drawing 3] 




JPO and INPIT are not responsible for any damages caused by the use of this 
translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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